L-AP4 Depresses Both IPSCs and EPSCs
( Figure 1D ). Thus, interneuron terminals are equipped with metabotropic glutamate receptors, activation of in Interneurons Monosynaptic IPSCs were evoked at room temperature which profoundly modulates GABA release. In contrast to the profound depression of IPSCs and by extracellular stimulation in stratum radiatum in the presence of high concentrations of the NMDA receptor EPSCs recorded in interneurons, monosynaptic IPSCs recorded in pyramidal neurons were only reduced to blocker DL-2-amino-5-phosphonovalerate (APV, 50 M) and the AMPA and kainate receptor blocker 2,3-dioxo-83% Ϯ 6% of baseline ( Figure 2A ; p ϭ 0.01, n ϭ 7). This reduction was significantly smaller than that observed 6-nitro-1,2,3,4-tetrahydrobenzo[f]quinoxaline-7-sulphonamide (NBQX, 10 M). Perfusion of L-AP4 (50 M) proin interneurons (p Ͻ 0.04, unpaired t test). Finally, we observed no effect of L-AP4 on AMPA receptorduced a reversible depression of the IPSCs to 47% Ϯ 12% (mean Ϯ SEM) of baseline amplitude ( Figure 1A ; mediated field EPSPs recorded in the presence of picrotoxin and APV ( Figure 2B ). Thus, in agreement with previp ϭ 0.01, paired t test, n ϭ 5). Unexpectedly, this depression was almost identical in size to the depression of ous reports (Scanziani et al., 1998; Shigemoto et al., 1996) , we found no evidence for group III metabotropic AMPA/kainate receptor-mediated EPSCs recorded in a separate series of experiments, where NBQX was omitreceptors on Schaffer collateral terminals on pyramidal cells. ted from the perfusion solution, but where picrotoxin (100 M) was used to block GABA A receptors ( Figure  1B) . Perfusion of L-AP4 depressed EPSCs to 53% Ϯ
Synaptically Released Glutamate Decreases IPSCs
The differential L-AP4 sensitivity of GABAergic signaling 11% of baseline (p ϭ 0.01, n ϭ 5).
The decrease in mean IPSC amplitude was accompato interneurons and to pyramidal neurons suggests that an increase in the extracellular concentration of glutanied by a decrease in the statistic 1/CV 2 (equivalent to mean 2 /variance), which varies with quantal content mate, the endogenous agonist, could selectively depress inhibition of interneurons. This is likely to occur (Edwards et al., 1989) and has proved to be a robust measure of transmitter release at hippocampal synunder conditions of metabolic stress, when glutamate uptake is prevented or reversed, but can disinhibition of apses (Manabe et al., 1993). The change in 1/CV 2 was roughly proportional to the change in mean amplitude interneurons be detected following physiological stimuli that release glutamate? We therefore asked whether ( Figure 1C) , implying that the effect of L-AP4 could be accounted for by a presynaptic decrease in transmitter synaptically released glutamate could depress IPSCs in interneurons via an action at L-AP4 receptors. release probability. We further tested a presynaptic locus of action by examining the effect of L-AP4 on the Figure 3A shows a train of IPSCs elicited by five presynaptic stimuli delivered at 5 Hz. The IPSCs typically paired-pulse depression observed when two stimuli are delivered with an interpulse interval of 50 ms. In agreeshowed a depression of the response to the second and subsequent stimuli, in comparison to the response to ment with a presynaptic site of action, the first IPSC was more profoundly depressed than the second IPSC the first. Because the train of stimuli recruits not only synaptically released glutamate (Min et al., 1999) . One ("proximal") stimulating electrode was positioned close to the interneuron, to evoke a monosynaptic test IPSC. monosynaptic GABAergic interneurons but also glutaAnother ("distal") electrode was positioned as far away matergic afferents, part of the depression may be due as possible, while remaining in stratum radiatum of CA1, to the activation of presynaptic group III metabotropic and this electrode was used to deliver a train of condireceptors on interneuron terminals by synaptically retioning stimuli to Schaffer collaterals. Because ionoleased glutamate. The activity-dependent depression of tropic glutamate receptors were blocked, recruitment IPSCs should then be reduced by blocking group III of interneurons by the distal electrode was minimized. metabotropic receptors (von Gersdorff et al., 1997). We Figure 4A shows the effect of a conditioning train of tested the effect of adding the antagonist MSOP (100 stimuli (50 Hz) on the amplitude of the test IPSC. We M) to the perfusion solution. This had no significant observed a small but significant depression: the condieffect on the amplitude of the first IPSC. However, the tioned IPSC amplitude, expressed as a percentage of ratio of the amplitude of the fifth IPSC to the amplitude the unconditioned IPSC, was 86% Ϯ 1% (p Ͻ 0.01, of the first (IPSC 5 /IPSC 1 ) increased significantly, from n ϭ 10). We then investigated the pharmacology of the 0.60 Ϯ 0.01 to 0.78 Ϯ 0.08 (p Ͻ 0.05, n ϭ 7; Figure 3B that a large part of the depression is mediated by glutatest IPSC: 99% Ϯ 6%, n ϭ 8; Figure 5B ). Because raising the temperature enhances glutamate uptake and remate-activating group III metabotropic receptors.
In four other neurons, we varied the interval between duces intersynaptic glutamate spillover ( Figure 5A addition of MSOP). The higher frequency of the conditioning train, and/or the shorter delay before the test shows that inhibiting glutamate uptake enhanced the heterosynaptic depression. The conditioned/test IPSC stimulus, may allow heterosynaptic depression at the higher recording temperature because a higher concenchanged from 91% Ϯ 1% to 85% Ϯ 1% (p Ͻ 0.002, n ϭ 10). Subsequent addition of MSOP again abolished the tration of glutamate reaches the presynaptic group III metabotropic receptors. depression (ratio: 101% Ϯ 4%, p Ͻ 0.002 relative to the ratio prior to addition of MSOP). This result again argues strongly for a role of glutamate spillover from excitatory terminals in modulating GABAergic signaling between Group III Metabotropic Receptors Modulate Spontaneous IPSC Frequency interneurons.
Because the above results were obtained at room While examining the effect of L-AP4 on evoked IPSC amplitude ( Figure 1A ), we also observed a reduction in temperature, we repeated the two-pathway experiment at a higher temperature to determine whether the heterothe frequency of spontaneous IPSCs (the frequency in the presence of 50 M L-AP4 was 74% Ϯ 9% of control, synaptic depression of inhibition persists under more physiological conditions. At a recording temperature of p Ͻ 0.03, washout: 85% Ϯ 7%). This observation further supports a role for group III metabotropic receptors in 32ЊC (range 31ЊC-33ЊC), and in the continued presence of the GABA B receptor blocker CGP35348 (500 M) or the modulation of interneuron excitability. Nevertheless, because excitatory ionotropic receptors were blocked, it SCH50911 (20 M), heterosynaptic depression was not seen with an identical stimulus protocol (conditioned/ is difficult to extrapolate from these findings to conclude (Figure 1 ). NBQX (10 M) almost abolished the evoked synaptic current at Ϫ60 mV but had no significant effect on the synaptic current at 0 mV. The latter was, however, abolished by picrotoxin (100 M), showing that GABAergic and glutamatergic synaptic currents were separated with negligible cross-contamination.
In the same neurons, we examined the frequency and amplitude of spontaneous synaptic currents at different recording potentials. Under baseline conditions, the frequency of glutamatergic events was only 35% Ϯ 7% of the frequency of GABAergic events ( Figure 6B ). Cellattached recordings have shown that interneurons, but not pyramidal neurons, fire spontaneously in this preparation, suggesting that the higher frequency of spontaneous IPSCs results from greater action potential invasion of interneuron terminals. L-AP4 (50 M) reduced the frequency of spontaneous GABAergic IPSCs but had a nonsignificant effect on glutamatergic EPSCs ( Figure  6B ). Moreover, L-AP4 significantly reduced the mean amplitude of GABAergic events to 87% Ϯ 3% of baseline (p Ͻ 0.01, washout: 91% Ϯ 5%), although it had only a small and nonsignificant effect on the amplitude of glutamatergic events (94% Ϯ 7%, p ϭ 0.5, washout: 104% Ϯ 9%). These results imply that activation of presynaptic group III metabotropic receptors reduces the large spontaneous GABAergic drive to interneurons. An alternative representation of the effect of L-AP4 is shown than EPSCs resulted from presynaptic action potential invasion. The heterosynaptic depression was relatively small, as compared to the effect of L-AP4, implying that the receptor occupancy achieved by glutamate spillover was low. This finding may, however, reflect the experimental constraints of positioning the conditioning electrode in a distal position to minimize recruitment of monosynaptically coupled interneurons. Indeed, a necessary condition for accepting the data was that the test IPSC was not contaminated by the tail of any monosynaptic IPSCs following the conditioning stimuli. This constraint limited the number of glutamatergic fibers that could be excited and therefore the spatial density at the end of the experiment, to verify that the IPSC was completely abolished, confirming that it was GABA A receptor mediated.
In conclusion, both group III metabotropic receptors 
